Foodstuffs -Simultaneous determination of nine intense sweeteners by HPLC-ELSD 1 Scope
This standard specifies a high performance liquid chromatographic method with evaporative light scattering detection (HPLC-ELSD) for the simultaneous determination of nine intense sweeteners, i.e., acesulfame-K (ACS-K), alitame (ALI), aspartame (ASP), cyclamic acid (CYC), dulcin (DUL), neotame (NEO), neohesperidine dihydrochalcone (NHDC), saccharin (SAC) and sucralose (SCL), in beverages and canned or bottled fruits.
Principle
The procedure involves extraction of the nine sweeteners with a buffer solution, sample clean-up using solid-phase extraction cartridges followed by HPLC-ELSD analysis.
Reagents, solutions and standards
Use only reagents of recognized analytical grade, unless otherwise stated.
Acesulfame-K, adequate purity (e.g. Fluka, DE).
3.2 Alitame, adequate purity (e.g. could be obtained from producers).
3.3 Aspartame, adequate purity (e.g. Supelco, DE or LGC Promochem, UK).
Dulcin, adequate purity (e.g. could be obtained from producers).
3.5 Neotame, adequate purity (e.g. LGC Promochem, UK).
3.6 Neohesperidine dihydrochalcone, adequate purity (e.g. Sigma-Aldrich, DE).
3.7 Saccharin, sodium salt dehydrate, adequate purity (e.g. Sigma-Aldrich, DE).
Sodium cyclamate, adequate purity (e.g. Merck Schuchardt OHG, DE).
3.9 Sucralose, adequate purity (e.g. LGC Promochem, UK).
3.10 Formic acid (puriss. p.a. ~ 98 %).
Water (HPLC grade).
3.12 Triethylamine (puriss. p.a. > 99.5 %).
Methanol (HPLC grade).
3.14 Acetone (HPLC grade).
Buffer solution (pH = 4.5).
Dissolve 4 mL of formic acid (3.10) in 5 L of water (3.11). Adjust to pH 4.5 with ca. 12.5 mL triethylamine (3.12).
3.16 HPLC mobile phase A, methanol -buffer solution -acetone 69:24:7 (v/v/v) Mix 690 mL of methanol (3.13) with 240 mL of buffer solution (3.15 ) and with 70 mL of acetone (3.14) . Degas by sonication for 10 minutes. Mix 110 mL of methanol (3.13) with 820 mL of buffer solution (3.15 ) and with 70 mL of acetone (3.14) . Degas by sonication for 10 minutes. (1) equivalent to 124.71 mg free cyclamic acid; conversion factor to calculate mass of free cyclamic acid = 0.8908; m CYC = 0.8908 x m CYC-Na (2) equivalent to 26.58 mg free saccharin; conversion factor to calculate mass of free saccharin = 0.7595; m SAC = 0.7595 x m SAC-Na·2H2O (3) first weigh into 100 mL volumetric flask, dissolve in approximately 50 mL of a methanol:water (1:1) mixture and then transfer quantitatively into 500 mL volumetric flask
Calibration standard solutions
From the mixed stock standard solution (3.18) prepare a series of calibration standard solutions containing the sweeteners at levels fitting appropriate limits, e.g., the highest concentration of the calibration shall be at least equivalent to 125 % of the given limits, such as those in Commission Directives 94/35/EC [1] Table 2 ), whilst taking the dilution steps within the procedure into account (see Table 3 ). For unauthorised sweeteners (ALI, DUL and NEO) fictitious MUDs were assumed at ca. 200 mg/L or mg/kg. Pipette the following volumes (see Table 3 ) from the mixed stock standard solution (3.18) into appropriate volumetric flasks (10 -50 mL) and make up to the mark with buffer solution (3.15) and shake thoroughly. Table 4 details the concentration of sweetener i in each calibration standard following preparation described in Table 3 . 
Apparatus and equipment
Usual laboratory equipment and, in particular, the following: 4.5 Volumetric flasks, of 10 mL, 25 mL, 50 mL, 100 mL and 500 mL capacity.
4.6
Centrifuge tubes, polypropylene, 50 mL capacity.
4.7 Graduated test tubes, 5 mL capacity.
Food blender
, suitable for homogenisation of food samples (e.g. Grindomix GM200, Retsch).
Ultrasonic bath.
4.10 Centrifuge, capable of maintaining 4000 rpm.
4.11 SPE Vacuum system, or equivalent.
4.12 Equipment for solvent evaporation.
pH meter.
4.14 C18 SPE cartridges, such as Chromabond ® C18ec, 6 mL/1000 mg (Macherey-Nagel, or equivalent). 
Sampling
Sampling is not part of this method.
Procedure

Preparation of test sample
Comminute the entire test sample to give a homogenous suspension (4.8). Liquid samples may be subjected directly to the extraction procedure. 
6.2.3
Condition the SPE cartridges (4.14) by applying 3 mL methanol (3.13) and let it pass through using a slight vacuum resulting in a flow rate of 1-2 mL/min. Make sure that a small portion of methanol remains above the sorbent bed (1 mm).
6.2.4
Equilibrate the SPE cartridges by applying 2 mL of buffer solution (3.15) and let it pass through using a slight vacuum resulting in a flow rate of 1-2 mL/min. Make sure that a small portion of buffer solution remains above the sorbent bed (1 mm). Repeat the procedure two times.
6.2.5
Load the SPE cartridges with 5 mL of sample extract (V2 first loading), i.e., the supernatant from (6.2.2), and let it pass through using a slight vacuum resulting in a flow rate of 1-2 mL/min. Make sure that a small portion remains above the sorbent bed (1 mm). Repeat the procedure once more (V2 in total 10 mL).
6.2.6
Wash the SPE cartridges with 3 mL of buffer solution (3.15) and let it pass through using a slight vacuum resulting in a flow rate of 1-2 mL/min. Make sure that a small portion of buffer solution remains above the sorbent bed (1 mm).
6.2.7
Elute the sweeteners from the SPE cartridges by applying 2 mL of methanol (3.13) and collecting the eluate in a 5 mL test tube. Use a slight vacuum to obtain a flow rate of 1 mL/min. Make sure that a small portion of methanol remains above the sorbent bed (1 mm).
Wait 10 min before applying a second portion of 2 mL of methanol (3.13) and elute it subsequently to the same 5 mL test tube using the same vacuum conditions but this time letting the SPE cartridges run dry. 
HPLC conditions
Establish suitable HPLC conditions to meet the predefined performance criteria (8. 
Construction of calibration graph
Analyse the eight calibration standard solutions (3.19, Table 3 
Calculation of results
Quantitative determination of sweetener i is carried out by integration of the peak area i (R i ) (6.7.2) obtained from the analysis of the injected SPE extract (6.6). Use the resulting calibration function, i.e., y = bx + a (6.5) to calculate the concentration of sweetener i (C 1i ) in the measured sample extract solution using equation 1 and 2. 8 Procedural requirements
General
The details of the chromatographic procedure depend, among other factors, on equipment, type, age, and supplier of the column, sample size and detector. Different columns may be used, and injection volumes may be varied, if the requirements of the system suitability tests are met.
System suitability test -Resolution of separation system
The HPLC-ELSD system shall be capable of separating all nine sweeteners from each other with at least baseline separation. This requirement can be proven by using calibration solution 1 (3.19) as shown in Figure B 1 
Precision
General
Details of the of the methods used by the individual laboratories in the interlaboratory test are listed in Table A 1 
Repeatability
The absolute difference between two independent single test results, obtained using the same method on identical test material in the same laboratory by the same operator using the same equipment within a short interval of time, will in not more than 5 % of cases exceed the repeatability limit r as summarized in Tables A 4-12 in Annex A (values as found in the interlaboratory test).
Reproducibility
The absolute difference between two single test results, obtained using the same method on identical test material in different laboratories with different operators using different equipment, will in not more than 5 % of cases exceed the reproducibility limits R as summarized in Tables A 4-12 in Annex A (values as found in the interlaboratory test).
Test report
The test report shall specify:
− all information necessary for the complete identification of the sample;
− the sampling method used, if known;
− the test method used, with reference to this standard;
− all operating details not specified in this standard, or regarded as optional, together with details of any incidents which may have influenced the test results(s);
− the test result(s) obtained or, if the repeatability has been checked, the final quoted result obtained.
ANNEX A (informative)
Results of interlaboratory study
The method was validated in a European interlaboratory test with seven participants 0min -100% A; 4min -100% A; 11min -47% A; 23min -2% A; 24min -2% A; 26min -100% A 0min -5% A; 10min -60% A; 30min -95% A; 31min -95 % A; 32min -5% A; 45min -5% A 0min -0% A; 15min -100% A; 18min -100 % A; 20min -0% A; 35min -0% A 0min -0% A; 4min -0% A; 11min -53% A; 23min -100% A; 24min -100 % A; 26min -0% A; 36min -0% A 0min -0% A; 4min -0% A; 11min -53% A; 21min -100% A; 23min -100 % A; 25min -0% A; 31min -0% A 0min -0% A; 4min -0% A; 11min -53% A; 23min -100% A; 24min -100 % A; 26min -0% A; 36min -0% A 0min -0% A; 4min -0% A; 11min -53% A; 23min -100% A; 24min -100 % A; 26min -0% A; 36min -0% (1) Energy drink -blank; (2) energy drink fortified at concentration level close to the limit of quantification (LOQs); (3) non-carbonated soft drink fortified at a concentration level of ca. 80 % of MUDs; (4) carbonated soft drink fortified at a concentration level of ca. 100 % of MUDs; (5) carbonated soft drink fortified at a concentration level of ca. 120 % of MUDs (1) Canned cocktail fruits -blank; (2) canned cocktail fruits fortified at concentration level close to the limit of quantification; (3) canned pears fortified at a concentration level of ca. 75 % of MUDs; (4) canned pears fortified at a concentration level of ca. 100 % of MUDs; (5) canned pears fortified at a concentration level of ca. 115 % of MUDs 
